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INTRODUCTORY REMARKS 
This handsome volume--most  attractively prepared by Professor Menso Folkerts 
for Birkh~iuser--is a 65th birthday tribute to Prof. Dr. Hans Wussing, to commemo- 
rate his many contributions to the history of mathematics. The 36 essays are as 
varied as Wussing's own work; one imagines many of them giving him the pleasure 
one expert can take in reading the work of another. Many readers will come away 
from this book with a lively sense of what the subject is like at its best--test imony 
to the intelligence and sparkle that he has brought not only to his own research 
but to his discussions with others at international meetings. 
One virtue of the book is that it is readable almost from cover to cover. Another 
is that it displays various approaches to the history of mathematics; a third, that it 
contains a number of interesting speculations about the way historians of the subject 
might proceed. So it seems best to review the essays individually before making 
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some more general remarks. A minor point worth praising: the authors appear in 
alphabetical order, which makes individual essays easy to find. Editors, please copy. 
REVIEW OF THE ESSAYS 
It makes sense to review the essays chronologically. First then is Jens HCyrup's 
account of two Babylonian tablets (BM 85200 and VAT 6599) or rather, of one 
tablet now in two fragments stored in London and Berlin. This is not any old tablet, 
nor is the essay any old essay. The table is a high point of Babylonian mathematics, 
an account of the solution of 30 problems, many of them of the third degree. It 
has been translated before; what makes this paper so special is that the author has 
retranslated it in line with his own careful and novel understanding of the Babylonian 
technical terms. In a fascinating introductory analysis, H0yrup proposes that several 
terms hitherto glossed as "addition" are significantly different in their meanings, 
as are those for the other basic operations of arithmetic. For example, there is a 
term for numerical addition, which is used to add lengths and areas, and a term 
for addition of concrete ntities of the same kind. That they can be distinguished 
grammatically strengthens the case that they functioned ifferently at a conceptual 
level. By translating such terms more literally, a better insight is obtained into the 
scribe's mind. So a transcription and a complete translation of the tablet is given, 
which expands the original to some 13 or 14 pages of text. There follows an account 
of the methods employed and a comparison between the various questions. The 
terminology used, HCyrup argues, is not strictly technical: words retain some of 
their everyday connotations. Similarities and differences in methods between prob- 
lems are clearer in the new translation, and although, of course, the Babylonians 
did not discover a general method for solving such difficult equations, still it is clear 
that they possessed real insights and some useful methods, and that some attempt 
was made to teach them. As with so many of Hcyrup's recent publications, it is 
clear that the study of ancient mathematics is alive and well with the new generation 
of historians. 
Next we come to the essay by C. J. Scriba, an investigation of two famous 
problems of Greek antiquity: the duplication of the cube using the conchoid of 
Nicomedes, and Archimedes' construction of the regular heptagon. These display 
Scriba's admirable ability to wear his learning lightly, especially in the second case 
when not only Tabit ibn Qurra but other Islamic scholars are brought in to help 
us. The essay, he modestly says in conclusion, is not an attempt at a reconstruction 
of methods long-since lost, but a way of showing how, in teaching, one can be led 
to search for proofs and constructions that are not at all obvious. This may be, in 
Toeplitz's phrase, genetics rather than history, but if, as here, it conveys omething 
of the life of mathematics, then the historian and the mathematician can surely 
both welcome it. We shall see that the book contains a number of other essays that 
could also please both audiences. 
Chronology can and should upset the Eurocentric. Next we travel to the East, 
for Joseph Dauben's charming investigation of Pythagoras' theorem in Chinese 
mathematics. This result may date back to 1100 B.C., the putative date of the Jiu 
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Zhang Suan Shu [Nine Chapters on the Mathematical Art ] - -but  this is myth. The 
original version of the Nine Chapters was destroyed in one of the worst acts of 
Chinese tyranny, when in 213 B.C. the Emperor Qin Shi Huang ordered all books 
destroyed. Later the book was reconstructed, perhaps several times, but it seems 
futile as yet to attempt a historical analysis of ancient Chinese texts. 
Nonetheless, what we have is fascinating. Pythagoras's theorem was known to 
the Chinese as the gou-gu theorem, which translates as "leg and thigh theorem" 
(their word for hypotenuse also means a lute string, while the Greek word, interest- 
ingly, means "that which is stretched over"). Starting from this naturalistic base, 
the Chinese, like all ancient cultures before the Greeks, developed a strongly 
practical mathematics with an emphasis on examples. Proofs were sometimes given 
for the gou-gu theorem by rearranging areas, but that was not the heart of the 
matter. Indeed, Dauben argues, the question one wants to answer is why the Greeks 
ever did differently. At the end of this essay Dauben offers a fascinating speculation, 
which he almost refutes in a footnote. This is that the Chinese language lacks a 
construction for counterfactuals, making it difficult for Chinese speakers to produce 
or follow arguments about hypothetical entities, especially those which will turn 
out not to exist. Worse, the language obstructs the process of entification, which is 
the making an abstract concept of something. In English this is done by suffixes 
such as -itis, -ism, and -ology. In ancient Chinese this is almost impossible, although 
modern Chinese is adapting as it confronts Western technology. Dauben presents 
these ideas, which he largely attributes to Alfred Bloom, and then notes that other 
linguists disagree. This would seem to be an excellent topic for the experts to resolve. 
From China we move slowly Westward, to Dr. Sonja Brentjes' essay on Tabit 
ibn Qurra's version of Euclid's Elements, I 46, which takes her to the commentary 
by al-Naiziri (early 10th century) on the first six books of the Elements. Perhaps 
we have not moved very far--this is Pythagoras's theorem again, which we call I, 
47. Brentjes' essay is replete with quotations in Arabic from several authors and a 
careful translation into German. Full original proofs are given and commented 
upon. This enables her to enter into the debate about the sources al-Naiziri may 
have used, and to assert in particular that Tabit ibn Qurra was among them. 
Still among Islamic mathematicians we come next to Yvonne Dold-Samplonius's 
short essay on al-Kashi's computation of the Qubba, which is a cupola or dome- 
shaped edifice, typically a tomb surrounded by a dome. When they are not hemi- 
spherical but pointed, their areas and volumes are not easy to determine. But al- 
Kashi was one of the great Islamic mathematicians (if also among the last until 
recent times) and he was able to give a rule which is here shown to be highly 
accurate, as one would expect from the man who computed 27r to 16 decimal places. 
His methods went back to Archimedes' On conoids and spheroids, and had been 
studied by earlier Islamic writers: al-Kashi's contribution was his blend of theoretical 
and practical insights. 
One of Hans Wussing's many interests is in the European late Middle Ages or 
early modern period (according to which school you belong to). So he will read 
with pleasure one of the few essays intelligible only to specialists in the entire 
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collection: Richard Lorch's investigation of the Almagestum parvum. This is a 
summary of Ptolemy's Almagest, with additional material derived from al-Battani 
and others, written in the form of Euclid's Elements. After 22 detailed pages of 
account, much of them in Latin with no hint of a translation, the point at issue 
finally emerges as a question: who wrote the book? Lorch argues, on the basis of 
a detailed textual comparison, that the compiler seems not to have been relying 
on Gerard of Cremona's work, as had hitherto been believed. Instead Lorch favours 
someone in the Hermann-Robert circle as the author of the opening sections, with 
the details being later reworked in the light of Gerard's translation of the Almagest. 
We go next to Busard's essay on the Arithmetica of Jordanus Nemorarius. This 
short essay responds to, and extends, the suggestion of HCyrup that Jordanus may 
have taught in 13th century Paris and inspired a Jordanian circle for a time after- 
wards. Busard then sets out to refute the views of Boyer and Youschkevich that 
Jordanus wrote the Arithmetica in the philosophical tradition of Nicomachus and 
Boethius. Rather, it was intended to put arithmetic on the same high level as 
Euclidean geometry. The case, a convincing one to this inexpert reader, rests in 
part on the structure of the book. Here proofs precede nunciations of theorems 
as they do in Robert of Chester's version of Euclid's Elements. But Jordanus also 
gave many propositions that seem to be interesting, difficult, and new; evidence, 
as Busard points out, of his originality. 
The next one up is Kaunzner's essay on western European mathematics at the 
time of the discovery of the Americas. This should probably be read by all less 
expert han Hans Wussing before some of the other essays, because it is a scene- 
setting piece. There is an interesting comparison between European and Islamic 
mathematicians of the period, from which Regiomontanus emerges well. The work 
of the German cossists (better known these days partly because of Wussing's work 
on Adam Ries) is then described. Did it aid Columbus.'? The tables of ephemerides 
compiled by Regiomontanus were available to him in Seville, as Zinner showed in 
his study of Regiomontanus, o the answer is probably "yes." 
David King has the enviable gift of making one thing speak for many. As did 
Brentjes, he takes a piece of a story and unpacks riches; in this case, the numerals 
or ciphers on one astrolabe, dating from 1522. Astronomers may underestimate 
how difficult these objects are to understand, but by focusing on the numbers 
inscribed on this one, and comparing them with manuscript sources, we learn a lot 
about the use of this instrument and the culture in which it was produced. The 
ciphers (overlooked in Ifrah's Histoire unvierselle des chiffres [5] but well described 
elsewhere) turn out to have been in widespread use for recording numbers but not 
for doing calculation. They are seldom found in scientific contexts, and among 
surviving instruments only on this one. So it is satisfying to discover who had this 
made and for whom. The essay is also well illustrated with photographs of the 
ciphers and pictures of the ciphers themselves, o it is grist for Scriba's mill. 
Folkerts offers Wussing an essay on a theme appropriately close to his heart: 
Conrad Landvogt, a hitherto unknown algebraist of 1500, whose principal work 
emerges as the Cabala algebrica. As with Lorch's piece, the expert will make much 
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of what the beginner must sadly put down: pages of untranslated Latin, detailed 
commentaries on isolated mathematical results. Every branch of scholarship has 
and needs this kind of thing, and it is in place here, but the reviewer at least must 
scurry on. 
From the Germany of Dtirer we pass to the Northern Italy of Piero della Fran- 
cesca, and from dense algebra to airy perspective, plan and elevation, here described 
in one of a series of essays on this general theme by Kirsti Andersen. It is easy to 
be beguiled by the charm of Piero's work, but it conceals a formidable mathematical 
mind. He was among the first to write about the rules for correct drawing in 
perspective and to illustrate them not with buildings een face on and the ubiquitous 
chequered floors, but cubes seen obliquely, faces from all angles, and mazzochios 
(to a mathematician, a torus with many rectangular faces). Piero's use of plan and 
elevation techniques, often backed up with extensive numerical calculation, made 
possible the accurate drawing of such complicated objects as capitols on pillars, 
fonts, and the like, and it is likely that Piero relied on such methods himself, despite 
his enormous technical facility. Andersen pursues the matter beyond Piero to the 
famous texts of Vignola and Danti in the later 16th century, and looks for evidence 
that these ideas were widely taught. She finds, most interestingly, that the method 
of plan and elevation seems to have fallen out of favour by the middle of the 17th 
century, and was not to be revised until Monge came up with his descriptive 
geometry, published in 1799. 
Bockstaele takes up the forbidding subject of Romanus' criticisms of Rheticus' 
trigonometric tables. But it is not as dry as one might fear. How were the tables 
constructed? To what level of accuracy should one work if 10 decimal places are 
required in the answer? Romanus' criticisms of Rheticus' methods turn out to tell 
us a lot about the mathematics of the early 17th Century. One would start with a 
regular polygon of a suitable number of sides (perhaps 45) and apply suitable 
trigonometric dentities. Naturally, to compile a table took years, and all the time 
one had to worry about the accuracy. Romanus felt that the errors came from not 
working with enough significant figures--he advocated 20. He did not explain why, 
but relied on his own experience as a calculator. 
Such problems would not have daunted Euler, although one might be glad he 
found something better to do. The Euler edition is now rolling through Euler's 
correspondence, and so Fellmann reports on the nonmathematical items that Euler 
and Johann Bernoulli wrote about. This is a short piece in five movements: Introduzi- 
one--the state of play on the edition; Allegro sostenuto--problems with employers, 
chiefly, financial; Andante lamentabile--money again; Menuetto maestoso--and 
again (but they were poorly paid, it emerges); Finale cantabile--Euler in Petersburg, 
a look back to the death of Johann Bernoulli, and a charming dedication to Wussing. 
Knobloch too dips into Euler. He brings up some of Euler's earliest, but still 
unpublished, work on the three body problem. It dates from 1730, and is purely 
geometrical. The surviving fragment is given here in its original Latin and in German 
translation, and is remarkable for the appearance of Ceva's theorem (published by 
Giovanni Ceva in 1678--it cannot be determined if Euler knew this or not). 
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Demidov, like Andersen, King, and others, reports on but a part of work upon 
which he has been engaged for years, in this case the history of differential equations 
from Euler to Cauchy. Or rather, in this case, between 1780 and 1820. This puts 
into focus the difficulties in the existing theory that Cauchy was to confront. Chief 
among these was the unclear notion of a complete integral. A complete integral is 
a solution involving arbitrary constants uch that every solution can be obtained 
by choosing the constants uitably. However, it was not clear that the complete 
integral includes solutions which arise as the envelopes of other solutions. Cauchy 
preferred to emphasize the idea of a solution with given initial conditions, and to 
look for conditions that would guarantee both its existence and its uniqueness. 
Demidov argues that the theory of differential equations in the period under consid- 
eration was often geometrical, as in the hands of Monge, and as the 19th century 
proceeded it became more and more separated from physics. This view is surely 
intended as a partial one, deliberately overlooking the work of Lagrange and 
Laplace. The paper ends with some speculations about the impact of the French 
revolution, and the subsequent period of reaction, upon the development of mathe- 
matics. It is seen as a time when mathematics was opened up to many more students 
than before; Cauchy's contribution is to be seen in the context of new expectations 
for mathematics as a whole. 
Next come a bunch of papers on mostly German topics at the start of the 19th 
century. Karin Reich contributes an essay on Johann Friedrich Pfaff, giving an 
indication of his life, his research, and his work as a teacher. Pfaff's career brought 
him into contact with men of the older generation, such as K~stner and Kl~gel, 
and of the new: Bartels, Gerling, MObius, and, of course, Gauss. It is clear that 
there is a wealth of material here that histories of mathematics which see only the 
"great" would miss, to their detriment. 
Gert Schubring's paper covers the next stage, the modernization ofmathematics in 
Berlin, 1820-1840. The university was established in 1810 as part of the neohumanist 
reform programme after the Napoleonic war, and the example of the French grandes 
~coles forced the Prussian authorities to think hard about what the syllabus hould 
be. Modernisation meant he introduction of research-oriented teaching. As is well 
known, under the influence of Dirichlet and Steiner the syllabus was moved steadily 
in that direction. The contribution of this paper is the lengthy section of syllabus 
lists which show this process actually happening, and documents what subjects were 
taken to form "modern" mathematics. In instructive constrast, Eccarius then gives 
us a short note on the state of mathematics teaching in Thuringia around 1843. 
Erhard Scholz returns us to the hard work of mathematics. In a short paper he 
explains what geodesy was in Gauss's time, what the central aims of its practitioners 
were, and how Gauss tackled them. Gauss was naturally led to seek a conformal 
map of an ellipsoid upon a plane. Drawing on his considerable practical experience, 
he criticized Legendre's olution and proposed one of his own. In thus thinking 
through the problems of geodesy, Gauss came to some of his deepest ideas in 
differential geometry, as others, notably Dombrowski [1], have described. At this 
point, Scholz pulls a surprise. Many authors have commented on the suggestion of 
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Sartorius von Waltershausen, that Gauss used the measurements of three mountains 
(Brocken, Hohehagen, and Inselberg) to test the idea that space might be Euclidean. 
The current consensus i that this story is false, and rests on a misunderstanding 
by Sartorius. Scholz has observed that the actual figure quoted by Sartorius and 
attributed to Gauss is not one that arises in the context of geodesy and map-making. 
It arises instead as the result of a calculation which would check on the Euclidean 
nature of space. This suggests not only that Sartorius was not mistaken, but that 
Gauss did in fact carry out just such a calculation himself. 
Svetlana Petrova takes up the famous question of Dirichlet's principle. This was 
first confronted by Gauss. The problem (Dirichlet's problem, it might as well be 
called) is to find a harmonic function satisfying certain boundary conditions; the 
vexatious principle is that the function exists as the minimum of a certain integral. 
Physical intuition, said Gauss, suffices in certain cases, but is insufficient in general. 
Whatever Dirichlet may have done with it (Petrova slides over that point), the 
problem entered mathematics with its use by Riemann. Riemann attempted to 
show that the class of functions among which the minimum is sought is closed, 
which would certainly help. But his approach was criticized by Weierstrass, and 
fell into disrepute until Hilbert raised it as the 20th of his famous list of problems. 
By then Hilbert had some idea of the way it might be rescued, as Petrova describes. 
His approach was taken up and made secure by Lebesgue and Hadamard. All this 
is true, but the story is more complicated. The Berlin position is richer, as Bottazzini's 
essay in this volume describes. Writers such as Harnack and Osgood need to be 
mentioned for their work on Dirichlet's problem, for they led mathematicians to 
confront he tricky question of what the boundary of even a planar domain could 
be. And among Hilbert's students, Courant pursued most energetically the nature 
of the minimum principle employed by Hilbert. 
Over the years Hawkins has conducted a series of researches that have trans- 
formed our understanding of the work of Sophus Lie and Elie Cartan. Here he 
returns to the start of the story and resolves a mystery that Hans Wussing once 
suspected would remain irresolvable: what was the connection Lie made between 
the theory of partial differential equations developed by Jacobi and his own theory 
of transformation groups? His paper may be taken as an introduction to the more 
thorough, and much longer account published elsewhere [4]. Lie took up the study 
of partial differential equations in Paris in 1870. The central topic was Jacobi's 
theory, recently and posthumously published by Clebsch. Hawkins argues that 
already Lie had what he calls an id~efixe: a belief that knowing about (infinitesimal) 
transformations of a differential equation that map solutions to solutions hould 
translate into ways in which the equation can be solved. Now, Lagrange had shown 
that one could pass from a first-order linear partial differential equation for an 
unknown function z of two independent variables to a system of two linear ordinary 
differential equations. The problem was to generalise this to n variables. First Pfaff, 
and then Jacobi, showed how this could be done, but at the price of admitting a
great many auxiliary equations. Jacobi's posthumous method required finding n - 
1 new functions of the independent variables and the derivatives Oz/Oxi = pi, where 
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the new functions must satisfy certain Poisson bracket relations. Jacobi gave reasons 
for believing that a certain scheme of his would find these functions automatically. 
But these reasons did not convince, and so the problem Lie came to was to see 
in what sense Jacobi's equations did indeed help with solving the given partial 
differential equation. 
Lie had picked up Monge's theory of partial differential equations in Paris, and 
now he sought o adapt its geometrical insights to the Jacobian theory. He set to 
work looking for a suitable theory of contact ransformations; transformations of 
n + 1 dimensional space that map infinitesimal elements and their tangent hyper- 
planes to other such. He noted that such transformations al o map one first-order 
partial differential equation to another. Pursuing this insight, he was led to see the 
infinitesimal transformations of a partial differential equation as contact transforma- 
tions. Jacobi's n - 1 functions form a closed system under composition, and Lie 
suddenly saw how to turn that fact into the statement that the transformations of 
the corresponding differential equation form a group (in Lie's sense). This was a 
central insight for Lie. It explained why the Poisson-Jacobi method worked, and it 
led beyond the confines of differential equation theory to a theory of transformation 
groups of functions. Thus was the connection made. 
Jesper Ltitzen takes us through the mathematical correspondence of Julius 
Petersen and Ludvig Sylow, which sheds a fascinating sidelight on the developments 
in group theory described in Wussing's major work, The Genesis of Abstract Group 
Theory. The first five of their letters are given here in translation with a commentary 
that greatly raises their interest, and then the rest are more briefly summarised. 
Sylow was a well-educated mathematician who seems to have shunned the limelight; 
Petersen more of an autodidact, with the autodidact's aversion to reading the 
literature. The result is that Sylow was sometimes gratified by the ingenious solutions 
Petersen came up with to problems in Galois theory, sometimes irked by his ob- 
tuseness. We are drawn in by the personalities and the mathematics; more for 
Scriba's (by now advanced) class. Scandinavian developments contrast amusingly 
with Italian ones in the 1930s, when, as Laura Toti Rigatelli reports, various Italian 
mathematicians took up the question of what they called fundamental subgroups 
(a subgroup consisting of those elements that commute with a given element). 
Of more substance is Umberto Bottazzini's account of the reception of Weier- 
strass's ideas in Italy at the end of the 19th century. For reasons to do with the 
more positive response of Germany than France to Italian unification, the politicised 
generation of mathematicians i  the 1870s in Italy looked towards Germany. Ana- 
lysts gravitated towards Riemann or Weierstrass: Betti to Riemann, Casorati to 
Weierstrass. This partly explains why Betti could publish his factorisation theorem 
for entire functions without Weierstrass apparently noticing. Casorati, on the other 
hand, gathered a remarkably vivid set of impressions of the priorities for research 
in Berlin in the 1860s. Bottazzini shows clearly how questions about natural bound- 
aries of analytic functions led Weierstrass to discover his examples of continuous, 
nowhere differentiable functions. This is a forceful reminder that mathematics is 
not conducted according to the demarcations of (later) teachers. In 1868 Casorati 
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published the first volume of his Teorica on complex function theory. A planned 
second volume never came out, partly because he already knew that not only 
Weierstrass but also Kronecker already had their doubts about Dirichlet's principle. 
Their man on the topic, so to speak, was Schwarz, and he was the main conduit for 
Weierstrassian ideas to Italy since Weierstrass had a lifelong aversion to publication. 
Casorati very much wanted a rigorous proof of Dirichlet's principle, and corres- 
ponded with Schwarz about it, but success was not forthcoming. When Pincherle 
came along as a student, Betti and Casorati sent him to Berlin, and Bottazzini 
shows by analysing Pincherle's letters and later publications that the influence of 
Weierstrass on him was profound. So it was that Weierstrassian alysis came via 
Pincherle to Italy. 
David Rowe takes us to another student of Weierstrass, the Swedish mathemati- 
cian G0sta Mittag-Leffler, but also to a rival, Felix Klein, and to the incommensura- 
ble figure of Poincar6. His theme is the famous correspondence b tween Klein and 
Poincar6, but it is the occasion for him to give a vivid pen-portrait ofMittag-Leffler, 
the founder of the journal Acta Mathematica. Rowe agrees with Domar that this 
famous journal was established as the result of a suggestion of Sophus Lie, a fact 
that Mittag-Leffler tended rather to obscure in later life. Mittag-Leffler built the 
reputation of his journal on some bold moves, notably printing the long papers by 
Poincar6 on Fuchsian and Kleinian groups that came out of his long run-in with 
Klein. He cultivated his authors assiduously, but Rowe shows that of Mittag-Leffler 
and Klein it was Klein, himself building up the Mathematische Annalen, who was 
the more open. Indeed, Cantor dropped Mittag-Leffler when he felt rejected at the 
end of one of Mittag-Leffler's efforts at diplomacy. Plans for cooperation between 
the journals foundered, but it seems that we do owe to Mittag-Leffler the survival 
of the famous Poincar6-Klein correspondence. Mittag-Leffler had always cultivated 
Poincar6, seeking out commentaries from him on his life and work, and for some 
time wanted the correspondence. By the outbreak of the First World War Klein 
announced that it was lost. It remained missing during the war, and was only found 
(in unknown circumstances) when Klein turned to the third and final volume of 
his Gesammelte Mathematische Abhandlungen. They were published in Acta Mathe- 
matica in 1923, but by then nothing remained of the Franco-German goodwill from 
which they had sprung. 
Renate Tobies also writes on Klein, but in the previous decade, 1870-1880. Klein 
gravitated to the school around Clebsch (who died in 1872 aged only 39) which 
was strong in algebra and projective geometry. In 1874 Klein went to Munich, 
where he became heavily involved in the production of mathematical models (recall 
the collection later established in GOttingen). Tobies briefly considers their signifi- 
cance in the light of Mehrtens' theory of moderns and counter-moderns (described 
in his Moderne Sprache Mathematik [6]), and finds that they show Klein to have 
been both modern and counter-modern. 
Next, a break from history of mathematics and a turn towards another of Wuss- 
ing's interests, historiography of mathematics. 
Here there are four papers. One is a short, and in the present climate provocative, 
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defence of Marx and especially Engels by the distinguished old campaigner Dirk 
Struik. He concludes "Even when [Engels] was wrong, he was always refreshing, 
and where he was right, he could be amazingly right." Then Ivor Grattan-Guinness 
stands back from production of his three-volume magnum opus (Convolutions in 
French Mathematics [2]) to reflect on the nature of scientific revolutions, and to 
engage with Wussing's own methodology. He presents Wussing's views as orga- 
nised around three concepts: intension, extension, and ostension (here, context). 
Grattan-Guinness i  not so happy with intension. His preferred model emphasises 
theories over concepts (an influence from Popper) and what he calls desimplifica- 
tion--the happy idea that a discovery can make life harder. He argues for attention 
to the way one theory in one context means omething different in another, and 
for ignorance as a driving force. But he agrees with Wussing on the importance of 
ostension, especially as a form of feedback. Finding that these metalevel considera- 
tions fit in nicely with his own detailed study of France, he argues that "convolution" 
is a better term than "revolution" as a paradigm for describing scientific hange. 
One suspects that it will always be a matter of taste who emphasises the continuities 
and who the breaks in history. 
The third paper is by Ivo Schneider, who offers two contrasting considerations: 
the first on the aims of the history of mathematics a  its earliest modern practitioners 
saw them the second on where the subject might go tomorrow. Montmort, and 
after him Montucla, connected history of mathematics to the idea of a universal 
history, wherein it should be the exemplar of progress by rational thought. Later 
German historians such as Moritz Cantor shared this ideal to some extent. Schneider 
concludes by speculating on how a truly universal history will not only draw on the 
largely untapped archives in the Islamic world and beyond, but frame new types 
of question (deconstruction seems to be one of the proposals on offer). 
The paper is nicely complemented by Siegmund-Schultze's account of the interest 
taken by mathematicians i  the history of mathematics. Admitting that there are 
probably as many types of history of mathematics a  there are historians, Siegmund- 
Schultze nonetheless finds it useful to begin by placing historians into three groups. 
There are the apologists (typically, former mathematicians), descriptivists (typically, 
most historians of mathematics) and critics (more about these later). Apologists 
are those who take the mathematics of their day as the norm and project it back 
onto the past. Descriptivists seek to tell it "as it really was," so they note mathemati- 
cal practices that are no longer with us, but differ also from apologists in their 
attention to the social context. But both groups tend to look only at the product 
of science, the knowledge gained. Critics are those who ask how it could have been 
and wonder what the real prize was. But, our author notes, writing the history of 
mathematics is a cooperative business, and all these styles have their legitimate 
place. 
Sadly, the interest of mathematicians i  the history of their subject is often slight. 
Gauss, who liked the historical novels of Sir Walter Scott, did not like the history 
of mathematics, and there are many other examples. But there are examples of the 
opposite: van der Waerden and Dieudonn6 are mentioned here (Russian examples 
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might also have been given). Examples are more easily found in the 19th century: 
Chasles, Quetelet, Hankel, Jacobi, Klein. Why should their interest vary so much? 
One factor is the sense a mathematician has that he or she can learn from past 
mathematicians. Jacobi thought i worthwhile; some later mathematicians regretted 
that the pace of modern research seems to preclude such luxuries. Others argue 
that the logical nature of mathematics reduces history to chronology, or that the 
need for logical exposition must override the necessarily confusing history, with all 
its twists and turns (convolutions?). On the other hand, Siegmund-Schultze lists 
several reasons that mathematicians might find the history of their subject interest- 
ing, from simple identification with past masters to (whisper it not) actual historical 
interest. This range of interests i not unproblematic: motivation can include propa- 
gandising not only for this or that type of mathematics, but for this or that type of 
cultural context, most notoriously when thinking of mathematics and anti-Semitism, 
and Siegmund-Schultze concludes his thought-provoking essay with a discussion of 
how German mathematicians have written about Jews. 
We are thus prepared for the 20th century to plunge us into accustomed gloom, 
as we follow an Austrian refugee from the Nazis coming to terms with life in 
America, another mathematician going to his death in Auschwitz, and a third 
redefining the aims of mathematics education under the Nazi regime. This last was 
E. A. Weiss, whom Sanford Segal describes as a gifted pedagogue, worthy of study 
despite his reprehensible views. Indeed, one cannot understand many modern forms 
of tyranny without understanding how they could offer something seemingly appeal- 
ing. Weiss led successful mathematics amps for students at Bonn. where the plea- 
sure in learning and doing mathematics was coupled deliberately to the aim of 
creating a new National Socialist citizen. Not for Weiss the joys of mathematics 
for its own sake; mathematics ould help inculcate the virtues of respectable behav- 
iour in public, courage (to say "no" when one does not understand), discipline (to 
reject falsehoods) and silence (in preference to talking rubbish). Thus were tradi- 
tional virtues tailored to a mathematical context and perverted. 
Who was Weiss? A student of Study, he joined the SA in July 1933 and prospered 
there. But his mathematical career was at an impasse in the 1930s, since Study- 
type geometry was dying out, which is why he switched to mathematics education. 
The camps were a success, his career esumed, and a long-sought-for p ofessorship 
was finally his when he was killed on the Eastern Front in February 1942. 
The mathematician Robert Remak was born into a family of Jewish academics 
in Berlin in 1888, and in due course studied under Frobenius there, taking his 
doctorate in 1911. The thesis, as Uta Merzbach shows in her thoroughgoing essay, 
entitles Remak to his name on the Wedderburn-Remak-Krull-Schmidt theorem 
on the decomposition of finite groups into irreducible factors, and she traces the 
intricate story of discovery and proof. Remak then turned to number theory, where 
he re-proved a theorem due to Minkowski on nonhomogeneous quadratic forms. 
He also developed new effective methods for finding lower bounds to questions in 
number theory. After the War his career faltered. The faculty refused to let him 
habilitate at Berlin, apparently because he was not a congenial person; even his 
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wife admitted he was liable to crazy aberrations. The influence of Frobenius, who 
had died in 1917, hung over his early papers and his later papers were to be more 
geometric in flavour. However, he always clung to direct methods in preference to 
the subtler analytical ones of Landau, which cannot have helped his case. When 
finally he was admitted to the faculty, he defied von Mises's opinion that he was 
unfit to teach applied subjects and became a successful mathematical economist. 
And then the Nazis came. In 1938 Remak was rounded up after the notorious 
Kristallnacht and spent eight and a half weeks in Sachsenhausen. He did obtain a 
temporary visa to enter Holland, but after the German invasion he was trapped, 
and at some unknown date he was sent to Auschwitz. Uta Merzbach ends her 
thought-provoking paper with various appeals: for more study of the Berlin mathe- 
matical milieu of the time; for histories of mathematical economics; for the impor- 
tance of the search for effective methods in stimulating the need for computers; 
for a history of algebra in the 20th century. One can only agree. 
As Christa Binder shows, Hilda Geiringer survived. She was born in Vienna in 
1893, and studied mathematics and physics there from 1913 to 1917, writing her 
thesis under Wirtinger on the subject of Fourier series in two variables. In 1921 
she married the Austrian mathematician Felix Pollaczek, going on to spend some 
time at Berlin, where she was the first woman to habilitate (in 1928). There she 
worked with von Mises on more directly applicable branches of mathematics, along- 
side such luminaries as Szego, Bergmann, von Neumann, and Freudenthal. But the 
Nazis stopped that, and she emigrated to Turkey, where she remained until 1939 
when politics again forced her onwards, this time to Bryn Mawr in America. She 
was helped by von Mises, who was already in the United States. War work brought 
them closer together and in November 1944 they were married. After the war she 
hoped to move nearer her husband, who was by then at Harvard while she taught 
at Wheaton College, 38 miles away (times have certainly changed), but she found 
that the major east coast universities were virtually closed to women (but not that 
much has changed until recently). Only after the unexpected death of her husband 
did she succeed in leaving Wheaton for Harvard, where she worked on editing his 
papers. She finally retired from Wheaton in 1959, and died in Santa Monica in 
1973. This essay serves as a good introduction to the more analytical account 
recently published by Siegmund-Schultze in this journal [7]. 
It is with a sense of relief one turns to Raffaella Franci's study of (mostly) 
American attempts to axiomatise the theory of groups. It is often said that Hilbert's 
work on the foundations ofgeometry inspired attempts o axiomatise other branches 
of mathematics. Here this process is described in a particular case, where some 
axiomatic treatments had already been offered (by Burnside and Pierpoint, among 
others). E. H. Moore seems to have been the first to pick up the Hilbertian message, 
followed by E. V. Huntington at Harvard. The two exchanged sets of axioms, 
often containing superflous ones for pedagogic reasons, and drew Dickson into 
the act. The result is a instructive story, not complete because of its focus on 
Americans, but perhaps for that reason another example for Scriba's students to 
work on. 
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Still in America, Karen Parshall invites us to consider the career of the Scottish 
mathematician Joseph Maclagan Wedderburn, who studied mathematics at Edin- 
burgh University under Chrystal. After graduating he spent a year in Germany and 
then in 1904 he obtained a Carnegie Fellowship and opted to study at Chicago. 
There he met E. H. Moore, Bolza, Maschke, and Dickson, and soon endeared 
himself by proving, ahead of Dickson, the result that still bears his name: every 
finite division algebra is a field. He then returned to Edinburgh, where Chrystal 
fought and failed for his chance to do research most of the time. In due course, 
Wedderburn returned to the United States, this time to Princeton, where he stayed. 
He played an important role in turning Princeton into a major research university, 
and was for a long time editor-in-chief of the Annals of Mathematics, after Harvard 
gave it up and it came to Princeton. He returned to Britain to fight in the First 
World War, but after the War his career declined, and in 1931 he suffered a mental 
breakdown and was hospitalised. He recovered, but not completely, and spent the 
last years of his life as a recluse, dying in October 1948. 
Lastly, F. A. Medvedev takes us across the world to Russia and the Soviet Union, 
with what he modestly calls the modest aim of establishing that some of P.J. Cohen's 
ideas of forcing can be found in the work of Lusin in 1914 and later. Lusin's work 
itself has its origins in the work of Lebesgue and Baire on the "Baire" class of 
functions. Lusin soon found a counterexample to a conjecture of Lebesgue's, and 
this led him into the deep waters of the continuum hypothesis. To ensure the validity 
of his counter-example, he was led to consider a family of sets indexed by a certain 
topological space, among which would be his sought-for example. This is the idea 
of forcing, albeit in an intuitive form and in the context of an unaxiomatised set 
theory. Nonetheless, Medvedev shows that it was used on various occasions by 
Lusin and his immediate successors. 
GENERAL REMARKS 
One's first reaction is to be impressed. The collection is reasonably international. 
People here understand the mathematics they write about, they master a variety 
of languages (Arabic, Babylonian, Chinese . . . .  ), they immerse themselves in ar- 
chives, they grapple with a range of sources (instruments, tables, technical drawings, 
observations . . . .  ), they are politically sensitive and intellectually astute. I might add 
that they are civilised and disdain shrill polemic in favour of argued criticism. They 
also exhibit a broad consensus about the nature of history of mathematics which 
it might be worth spelling out. 
The majority of the essays here have a piece of mathematics at their heart. It 
might be that it is the way that it was stated which is of interest, or the way that 
it was proved, or the way that it was used. It might be that authorship is at stake, 
or influence. But it is recognisably mathematics, and often advanced for its time 
(Babylonian cubics, Piero's perspective, trigonometric tables, and so on to the 
method of forcing). A sizeable minority of the essays have a mathematician at
heart, whether their purport is biographical, institutional, or more generally cultural. 
And some speculate on history of mathematics itself. Many of the essays combine 
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two, or even three, of these activities. This is a fair representation f the subject 
as it is today, and almost all in the descriptive mode, to borrow one of Siegmund- 
Schultze's helpful terms (I counted no apologists). It suggests that mathematics 
might be one of those things that are impossible to define but easy to recognise, 
and that we all recognise more or less the same thing. It also suggests that, given 
the chance, most of us would rather research the history of hard mathematics than 
of easy or wrong mathematics. 
This consensus is nonetheless interesting because of what it has excluded, not, 
one supposes, by design. Ivo Schneider concluded his essay with some remarks of 
this kind. There is almost no history of statistics here, and it is hard not to see this 
as the reflection of a pervasive mathematical doubt about whether statistics is part 
of mathematics (there are many departments of mathematics and statistics). There 
are some essays on institutional history, but only one directly on mathematics 
education. There is nothing on the history of computing, nothing on interactions 
between mathematics and physics. These omissions are state of the art, by which 
I mean that they reflect a general agreement about what the subject does and does 
not contain. Statistics, computing, mathematics education, and maths-n'-physics are 
cousins to the history of mathematics, and may be counted in or out of the family 
at will (without prejudice, as the lawyers say). The absence of ethnomathematics 
or gender issues, or the fact that there is only one Greek essay is not to be explained 
in the same way. It is hard not to see modern demarcations structuring our criteria 
here. It is natural, therefore, to wonder whether it is right to project them so 
confidently back onto the past. Signs that it might be interesting to step outside 
them come from some of the essays here, as for example Andersen's and 
King's. 
The wise words of Siegmund-Schultze apply: history of mathematics is a collective 
activity. Most of us would probably like to see ourselves as doing something like 
what the authors have done here while welcoming others who do a different bit. 
The problem arises when one tries to cover more than a small patch. Ivor Grattan- 
Guinness has recently gone public [3] with some of the fears that are widespread 
in the profession about he gap that seems to exist between historians of mathematics 
and mathematicians on the one hand, and between us and historians of science (let 
alone historians) on the other. The tough reply would be: what do you expect? 
Academics everywhere are a marginal group, tolerated but not respected. Respect 
is a declining currency in the modern world (just look at popular television). Intellec- 
tuals have never had it easy in history. The generic research mathematician, as
your colleagues will confirm, is only too well aware that his or her papers are read 
by fewer than a dozen colleagues; historians of science find themselves increasingly 
squeezed, although their ranks seem to have been swelled in some countries by 
people who have abandoned that presumptuous but even more unpopular subject, 
philosophy of science. That said, any therapist will tell you to make the best of 
what you've got, or rather, any fresh-faced management and design consultant will 
tell you to present yourself well, analyse your product, and seek ways of repositioning 
it in the market. 
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We need not listen to such weak-willed sirens, but we might want to analyse our 
activity all the same. Herbert Mehrtens is not the only historian of mathematics to
feel that an analysis of these gaps is incomplete if it finds fault only on the other 
side. A volume like this shows that we need not feel defensive about what we do 
(when we do it this well). But we can ask if our approaches to the subject, taken 
together, reflect the best practice among historians generally. 
Why the emphasis on mathematics, for example? There are two answers. The 
best one is that understanding mathematics and changes in mathematics is a neces- 
sary part of the collective nterprise that is the history of mathematics. The other 
one is that mathematicians want us to know it. The problems arise when we step 
away from the technicalities. Some areas are safe: accurate biographies of people 
and institutions are always valuable, and they appeal to a different audience. But 
what of the idea of history of mathematics a a collective nterprise; what questions 
does it collectively address? 
The simple answer is that there is no collective agreement, nor could there be. A 
brief survey of the practice of history of mathematics and science in the last 50 years 
highlights this point. Two trends seem to me to be noticeable. First, at least among 
the English-speaking communities, and I think among the French, there has been a 
marked decline in the status of philosophy of science. The literature of Popper, La- 
katos, Hempel, and company that presumed to extract from the activities of scientists 
an idea of best practice has ground to a halt. Historians cast doubt on the historical 
evidence; scientists disdained the advice (which in any case was mostly drawn from 
the history of physics). Amid much talk of new directions, the subject has split. There 
is a more technical, ess presumptuous literature that addresses the conceptual issues, 
there is an almost anthropological literature about life in the lab, and there is inevitably 
a deconstructionist strand. Marxist accounts, whether from traditional standpoints 
and communist countries or New Left, have also ebbed away, for obvious cultural 
reasons. On the other hand, the history of mathematics, which had sunk to a low ebb 
in the 1950s, has enjoyed a modest growth. But it has done so without producing a
single attention-grabbing book. There has been no equivalent of Kuhn's The Structure 
of Scientific Revolutions, Lakatos's Proofs and Refutations being too slight and spe- 
cialised to sustain a new intellectual movement. 
The second trend is the drift towards the modern period, so far as Europe is 
concerned, and to non-European cultures. The latter move, widely welcomed, needs 
no discussion. But the recessions in Western countries may be imperilling all those 
subjects that require Latin and Greek, and the need for relevance may be inimical 
to subjects where the mathematics is easy. The custodians of Classical mathematics 
and its descendents in the European Middle Ages are perhaps becoming an endan- 
gered species. Moreover, since the move is towards the 19th century and not the 
20th (which has only six more years to run), there is pressure to catch up with 
mathematics. This book is witness to that: the favoured period is the 19th century; 
then the Middle Ages, then the 20th century, then the rest. Testimony to the wide 
range of Wussing's own work as this is, it makes one wonder where we are going 
as a collective. 
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The present collection of essays makes it very clear that, for better or worse, 
there is no "big idea" in the subject at present. This is no different from many 
branches of mathematics or history; it need not be a criticism. There are many 
subjects which have quiet productive periods and occasionally flare up. Our prevail- 
ing assumption is that the past is interesting and that nearly forgotten or scarcely 
read pages should be exhumed. But digging them up does not prevent hem from 
being buried again. The collective enterprise must take up the findings, connect 
them to substantial questions, spread the news to other audiences. 
The audience is part of the problem and part of the solution. Too often books 
in our subject are tailored too closely to the market (mathematics students of 
average ability). This dictates the choice of subjects (watch statistics and computing 
creep in) and the level of historical thinking (mostly descriptive). Yet in many ways, 
as this books shows, the present generation of historians of mathematics is as good 
as any, maybe better. What is underdeveloped is a way of formulating our questions 
and our answers that conveys, to ourselves as specialists, and to other larger audi- 
ences a vivid sense of what our subject is about. Historians must work in their own 
different ways, and fashions may do more harm than good, but we may not be hard 
enough on ourselves. We may not ask often enough: "What question does my work 
address? Why does anyone need to know about this little known manuscript or 
this barely remembered faculty member or these clumsy investigations?" We need 
to ask even if the mathematics is substantial or the mathematician or institution of 
worldwide renown. And if the answer is that our research contributes to the greater 
good, perhaps we ought to make sure that it does, and not just assume that it will. 
Amphora  offers some positive answers to these questions. Several essays here 
connect mathematics toother disciplines. Several connect he practice of mathemat- 
ics to other aspects of life. Several, indeed many, simply take a good question on 
a good topic, and answer it. Remarkably, in so doing, they all reflect the work of 
the man they were called to honour, Hans Wussing. I belong to a group of historians 
of mathematics that may be almost as distinguished as the contributors: those who 
are not, but would like to have been (perhaps ome of us were left out in order 
that we could have the pleasure of reviewing the book). So I should like to take this 
opportunity to thank Hans Wussing for three things: his work over the years- -may it 
continue--his enthusiasm for the subject, and the interest he takes in the work of 
others, especially beginners. These are my personal views, but I know them to be 
widely shared. 
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